
Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(jj) Publication number : 0 658 405 A1 



EUROPEAN PATENT APPLICATION 



@ Application number : 94830560.2 
(22) Date of filing : 01.12.94 



© int. ci. 6 : B25J 9/10, B25J 17/02, 
B25J9/04, B25J 19/00 



(30) Priority : 17.12.93 IT TO930960 

@) Date of publication of application : 
21.06.95 Bulletin 95/25 

(S) Designated Contracting States : 
AT CH DE ES FR GB LI NL SE 

(7i) Applicant : COMAU S.p.A. 
Via Rivalta 30 

1-10095 Grugliasco (Torino) (IT) 



(72) Inventor: Mauletti, Enrico 
Via Leopardi 63 
1-10093 Collegno (Torino) (IT) 

@ Representative : Notaro, Gian carlo et al 
c/o Buzzi, Notaro & Antonielli d'Oulx srl, 
Corso Fiume 6 
. 1-10133 Torino (IT) 



(g) Industrial robot with integrated reduction gear units. 

(57) An industrial robot (7) is provided with a 
plurality of elements (8-12) articulated to each 
other, whose rotation is driven by respective 
electric motors (23, 39, 51) by means of reduc- 
tion gear units which are integrated in the 
structure of these elements (8-12). 
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The present invention relates to industrial robots 
of the type comprising a plurality of elements which 
are articulated to each other around respective articu- 
lation axes and provided with a plurality of electric 
motors for driving rotation of each articulated element 
of the robot around the respective articulation axis 
and a reduction gear unit interposed in the connection 
between each electric motor and the respective driv- 
en element, each reduction gear unit comprising a 
casing which supports an inner gear reduction trans- 
mission. 

According to the conventional art, the electric 
motors and the reduction gear units are separate 
units with respect to the structure of the various ar- 
ticulated elements of the robot, such units being 
mounted on these elements when the robot is assem- 
bled. This solution however is not fully satisfactory 
from the standpoint of simplicity of manufacture and 
assembling, since it requires in particular a number of 
adjustment operations to be carried out once the re- 
duction gear units have been mounted onto the re- 
spective support structures, with a resulting increase 
in production costs. 

The object of the present invention is that of pro- 
viding an industrial robot of the type specified at the 
beginning, which is particularly, but not exclusively, to 
be produced as a robot of small size, e.g. for carrying 
out arc-welding operations or for handling relatively 
light articles, having a very simple structure com- 
prised of a reduced number of parts and that can be 
assembled with easy and quick operations. 

In order to achieve this object, the invention pro- 
vides an industrial robot of the type indicated at the 
beginning, characterized in that for at least some of 
said articulated elements of the robot, the respective 
reduction gear unit is integrated within the structure 
of the robot element, in that said structure constitutes 
the casing of the reduction gear unit and directly sup- 
ports the gear transmission of the reduction gear unit. 

Each of said reduction gear units comprises an 
input shaft and an output shaft rotatably supported by 
the structure of the respective articulated element 
and at least a pair of straight gears meshing with each 
other for connecting the input shaft to the output shaft 
according to a predetermined reduction ratio. 

According to a further preferred feature of the ro- 
bot of the invention, one of the elements of the robot 
is constituted by an arm having both ends articulated 
to further elements of the robot, an electric motor 
fixed to the arm structure and a reduction gear unit 
integrated in the arm structure being associated with 
each end of said arm. 

Due to said features, the structure of the robot is 
greatly simplified and comprised of a very reduced 
number of parts. The operations for assembling the 
robot are simple and rapid, since the various parts of 
the reduction gear unit are supported directly by the 
structure of the respective elements of the robot and 



do not require adjustment of their position. The solu- 
tion which provides for the use of pairs of straight 
gears is preferred (even if other solutions are also 
possible) from the standpoint of simplicity and econ- 
5 omy of manufacture, simplicity in taking up plays and 
simplicity in assembling. 

It is further possible to provide for the use of re- 
duction gear units identical to each other at various 
areas of the robot, so as to allow a certain degree of 
10 modularity in production. 

In a first embodiment, the robot according to the 
invention comprises a base, a column rotatably 
mounted around a first vertical axis on the base, an 
arm rotatably mounted on the column around a sec- 
ts ond horizontal axis, a fore-arm rotatably mounted on 
said arm around a third axis parallel to said second 
axis, a stem mounted on the extension of the fore-arm 
and rotatable around a fourth axis, coincident with the 
longitudinal axis of the fore-arm, a wrist mounted on 
20 the end of said stem and articulated around a fifth 
and a sixth axes perpendicular to each other. 

In a second embodiment, the robot according to 
the invention comprises a fixed support body, an arm 
rotatably mounted around a first vertical axis on the 
25 fixed support body, a second body rotatably mounted 
around a second axis which is also vertical, below 
said arm, a parallelogram linkage rotatably mounted 
around a third horizontal axis on said second body 
and a wrist carried by said parallelogram linkage and 
30 articulated around a fourth and a fifth axes perpen- 
dicular to each other. 

Said arm which is articulated at both its ends, 
forming part of the robot according to the invention, 
may be both the arm which connects the second and 
35 third axes in the robot according to the first embodi- 
ment, and the arm which connects the first and the 
second axes in the robot according to the second em- 
bodiment of the invention. 

The invention is also directed to said arm taken 
40 perse, which can be used in the production of robots 
of various types, according to a modularity criterion 
which enables the production to be rationalized and 
reduced in cost. 

Further features and advantages of the invention 
45 will become apparent from the description which fol- 
lows with reference to the annexed drawings, given 
purely by way of non limiting example, in which: 
figure 1 is a perspective view of a first embodi- 
ment of the robot according to the invention, 
so figure 2 is a partial view, at an enlarged scale and 

in cross section of a detail of the robot of figure 
1, 

figure 3 is a view of the arm forming part of the 
robot of figure 1, 
55 figure 4 is a cross-sectional view taken along line 

IV-IV of figure 3, 

figure 5 is a further partial view, at an enlarged 
scale and in cross section of a further detail of the 
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robot of figure 1 , 

figures 6, 7 are a front view and a cross-sectional 
view of the arm of figure 3 which show the pas- 
sages of the cables for electric supply to the ro- 
bot, and 

figures 8, 9 are a side view and a plan view of a 
second embodiment of the robot according to the 
invention. 

With reference to figure 1 , the arched arrows re- 
spectively indicated by 1, 2, 3, 4, 5 and 6 designate 
the sixth articulation axes of the robot. The latter is 
generally designated by reference numeral 7 and 
comprises a lower base 8 on which a column 9 is ro- 
tatably mounted around the vertical axis 1. Column 9 
on its turn rotatably supports an arm 10 around the 
horizontal axis 2. The arm 1 0 on its turn rotatably sup- 
ports the structure 11 of a fore-arm around the hori- 
zontal axis 3. The fore-arm is extended by a stem 12 
which is rotatably supported by the structure 11 
around the axis 4 of the robot, coincident with the 
longitudinal axis of the fore-arm 11. Stem 12 ends 
with a robot wrist 13 which is articulated around the 
two axes 5, 6, which are perpendicular to each other. 
More precisely, wrist 13 includes a body 14 which is 
fixed to the free end of stem 12, a body 15 rotatably 
mounted on body 14 around axis 5 and a body 16 ro- 
tatably mounted on body 15 around axis 6. 

Figure 2 shows in detail the rotatable mounting of 
column 9 on base 8. The latter has a structure 8a, 
shown only partially in figure 2, above which there is 
fixed by screws 17 a vertical shaft 18 whose axis is 
coincident with axis 1. Shaft 18 is hollow, to allow for 
passage of cables for electric supply of the robot. 
Shaft 18 rotatably supports around axis 1, by taper 
roller bearings 19, a body 20 above which there is 
fixed, by screws 21, the structure of column 9. Fur- 
thermore, above body 20 there is mounted a lid 22 
above which there is fixed an electric motor 23 which 
is for driving rotation of column 9 around axis 1. Lid 
22 defines along with body 20 a closed chamber 24 
containing a gear reduction transmission which con- 
nects the shaft of motor 23 to shaft 18. Therefore, 
body 20, along with lid 22, defines the casing of a gear 
reduction unit which is thus integrated in the robot. 
The input shaft of the reduction gear unit is the shaft 
of the electric motor 23, indicated by 23a, whereas the 
output shaft of the reduction gear unit is shaft 18. 
Since shaft 18 is fixed, actuation of electric motor 23 
causes rotation of the whole structure comprised of 
body 20, lid 22 and column 9 mounted thereon, 
around shaft 18. More in detail, shaft 23a of the elec- 
tric motor 23 has a straight pinion 25 which meshes 
with gear 26, which is also a straight gear. Gear 26 is 
mounted on a shaft 27 which is freely rotatably mount- 
ed by roller bearings 28 on a support structure fixed 
by screws 29 to body 20. Shaft 27 also carries a 
straight pinion 30, meshing with gear 31 which is also 
straight, which is mounted on shaft 18 and fixed 



thereto by screws 32. Shaft 23a of electric motor 23 
and shaft 1 8 are therefore connected to each other by 
two gear pairs which provide a double reduction. 
Figures 3, 4 show the arm 1 0 of the robot of figure 

5 1 , whose ends have two reduction gear units integrat- 
ed therein for driving rotation of arm 10 around axis 2 
and rotation of fore-arm 11 around axis 3 respectively. 
Arm 10 has a body 33 obtained by casting, for exam- 
ple of light alloy or steel, which is rotatably mounted 

10 by taper roller bearings 34 on a shaft 35 having its 
axis coincident with axis 2 of the robot and fixed by 
screws 36 to the structure of column 9. At its lower 
portion, body 33 is provided with lid 37 on which there 
is fixed by screws 38 an electric motor 39 which is for 

15 driving rotation of the arm 10 around axis 2. Also in 
this case, the structure 33 of the arm, along with lid 
37, defines the casing of a reduction gear unit whose 
rotating parts are supported directly by said elements 
and connect the shaft of electric motor 39 to shaft 35, 

20 in this case through three subsequent reductions. 
Also in this case, shaft 35 is hollow to allow for pas- 
sage of the cables for electric supply of the robot, as 
it will be more clearly apparent in the description of 
figures 6, 7. Furthermore, also in this case, since 

25 shaft 35 is fixed to the structure of column 9, actua- 
tion of electric motor 39 causes rotation of the whole 
structure 33 of arm 10 around axis 2. 

More in detail, shaft 39a of electric motor 39 has 
a toothed straight pinion 40, which meshes with a 

30 gear 41 (figure 3) which is coaxial with a pinion 42. 
The latter meshes with a gear 43 coaxial with the pin- 
ion 44. The latter meshes with a gear 45 which is 
mounted on the shaft 35. Therefore, the three gear 
pairs 40, 41 ; 42, 43 and 44, 45 provide a triple reduc- 

35 tion in the transmission of rotation from motor 39 to 
structure 33 carrying this motor around rotation axis 
2. 

At the opposite end of arm 10, structure 33 rotat- 
ably supports a shaft 47 around axis 3, by means of 

40 taper roller bearings 46, this shaft being also hollow 
to allow for passage of supply cables of the robot. The 
shaft 47 is fixed by screws 48 to a flange 49 of struc- 
ture 11 of the fore-arm. On this portion of the body 33 
of arm 10 there is mounted a lid 50 which defines 

45 along with arm 33 the casing of a further reduction 
gear unit which connects the shaft of an electric mo- 
tor 51 which is fixed by screws 52 to the lid 50, to shaft 
47. In this case, shaft 51a of electric motor 51 carries 
a pinion 53 which meshes with gear 54 which is on its 

so turn coaxial with a pinion 55 meshing with a gear 56 
mounted on the shaft 47. 

As it is clearly apparent from the foregoing de- 
scription, arm 10 has a structure in which there are 
integrated the two reduction gear units which are for 

55 driving rotation around the two axes 2, 3 and are di- 
rectly connected to the arm itself. Figure 5 shows in 
detail flange 49 fixed to shaft 47 and carrying struc- 
ture 11 of the fore-arm. The structure 11 rotatably 
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supports the stem 12 around axis 4, by ball bearings 
57. The rotation of stem 12 around axis 4 is driven by 
an electric motor 58 which is fixed by screws 59 to the 
structure 11 and is connected to stem 12 by a reduc- 
tion gear unit whose casing is constituted by the 
structure 11 itself, which has a substantially cylindri- 
cal configuration (figure 1) and a lid 60 which closes 
the cavity of structure 11 at one end. 

In detail, the output shaft 61 of electric motor 58 
carries a pinion 62 meshing with a gear 63 which is 
coaxial with a pinion 64 on its turn meshing with a 
gear 65 mounted on the stem 12. Thus, the latter is 
driven by electric motor 58 through a double reduc- 
tion. 

With reference to figure 1 t finally wrist 13 com- 
prises two electric motors 66, 67 for driving rotation 
of elements 15, 16 around axes 5, 6. The rotation of 
element 15 is driven by a reduction gear unit integrat- 
ed within element 14 (not shown) substantially iden- 
tical to the reduction gear unit associated with ele- 
ment 11. The reduction gear unit driving element 16 
is instead a unit of conventional type, which is not in- 
tegrated in the structure, basically since the size of 
the wrist is very reduced. Therefore, the structure of 
this reduction unit is not illustrated herein, since it 
may be of any known type. However, it is clear that 
also the reduction gear unit associated with axis 6 of 
the robot might be integrated in the structure of the 
robot itself. 

As illustrated in the foregoing, the above descri- 
bed robot is particularly adapted to be provided in the 
form of a robot of relatively small size for carrying out 
arc-welding operations or for handling relatively light 
articles. In one embodiment made by the applicant, a 
small robot of the above described type has been pro- 
vided, having a load capacity of 8 kilos. 

Figures 6, 7 illustrate the parts which have been 
described already above and show utility of the hol- 
low shafts in order to allow for passage of the robot 
supply cables. 

From the foregoing description it is clearly appa- 
rent that the robot according to the invention is char- 
acterized by a great simplicity and a reduced number 
of parts. The various reduction gear units of the robot 
indeed do not form separate units, but are fully inte- 
grated in the structure of the robot, which, beside re- 
ducing the number of components to a great extent, 
simplifies remarkably the assembling and adjusting 
operations of the robot, since the need to carry out the 
adjustment operations which are usually necessary 
with conventional robots is eliminated. 

Figures 8, 9 show a second embodiment of the ro- 
bot which exploits the same inventive principle. In this 
case the robot, generally designated by reference nu- 
meral 70, comprises a fixed body 71 which rotatably 
supports around a vertical axis 1 an arm 10 having 
the same structure of arm 1 0 shown with reference to 
the robot of figure 1 and carrying similarly two elec- 



tric motors 39, 51 with the corresponding integrated 
reduction gear units associated with its ends. Arm 10 
rotatably supports around a vertical axis 2 a body 72 
mounted below arm 1 0. The rotating body 72 rotatably 

5 supports around an axis 3 a lever 73 forming along 
with a further lever 74 a parallelogram linkage 75. 
Lever 74 is articulated to body 72 around an axis 76 
parallel to axis 3. The two levers 73, 74 are articulated 
at 77 and 78 to an arm 79 carrying a wrist 80 compris- 

10 ing a first body 81 , a second body 82 rotatably mount- 
ed below body 81 around a vertical axis 4 and a flange 
83 rotatably mounted on body 82 around a horizontal 
axis 5. 

As indicated above, also in this case the reduc- 

15 tion gear units associated with axes 1 , 2 are integrat- 
ed in the structure of arm 10. This structure is not de- 
scribed again herein, since it is identical to that of arm 
1 0 of the robot of figure 1 . 

This arm may then be used both for making the 

20 robot of figure 1 , and for making the robot of figure 8, 
to the advantage of modularity and rationalization in 
production. Also in the case of the robot of figure 8, 
the integration of the reduction gear units in the struc- 
ture of arm 10 allows for a simplification in manufac- 

25 ture and a greater easiness in assembling. 

The rotation of the parallelogram linkage 75 
around axis 3 is driven by an electric motor and reduc- 
tion gear unit 72a (figure 9), while rotations of ele- 
ments 82, 83 around axes 4, 5 are controlled by elec- 

30 trie motor and reduction gear units 80a, 80b (figure 
8). The details of construction of the above men- 
tioned units are not described herein and in the an- 
nexed drawings, since such details may be of any 
known type and do not fall, taken per se , within the 

35 scope of the present invention. Furthermore, the 
elimination of these details from the drawings ren- 
ders the latter more easy to understand. In figure 8 
dotted line A shows the outline of the area which may 
be reached by the robot wrist Dotted line S shows an 

40 alternative mounting position of the wrist, in which 
axis 4 is horizontal and axis 5 is vertical. 

Naturally, while the principle of the invention re- 
mains the same, the details of construction and the 
embodiments may widely vary with respect to what 

45 has been described and illustrated purely by way of 
example, without departing from the scope of the 
present invention. For example the gears of the re- 
duction gear units might also not be straight gears. 

50 

Claims 

1. Industrial robot, comprising a plurality of ele- 
ments (8, 9, 10, 11, 12; 71, 10. 72) articulated to 
55 each other around respective articulation axes 

(1-6) and provided with a plurality of electric mo- 
tors (23, 39, 51, 58) for driving rotation of each ar- 
ticulated element of the robot around the respec- 
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tive articulation axis (1-6) and with a reduction 
gear unit interposed in the connection between 
each electric motor and the respective driven ele- 
ment, in which each reduction gear unit compris- 
es a casing which supports an inner gear reduc- 
tion transmission, 

characterized in that for at least some of 
said articulated elements of the robot (8, 9, 10, 
11, 14, 71, 10, 72), the respective reduction gear 
unit is integrated in the structure of the element 
of the robot, in that said structure constitutes the 
casing of the reduction gear unit and supports the 
gear transmission of the reduction gear unit. 

2. Robot according to claim 1 , characterized in that 
each of said reduction gear units comprises an in- 
put shaft (23a, 39a, 51a, 61) and an output shaft 
(18, 35, 47, 12) rotatably mounted within the 
structure of the respective articulated element 
(20, 33, 11) and at least one pair of straight gears 
meshing with each other for connecting the input 
shaft to the output shaft according to a predeter- 
mined reduction ratio. 

3. Robot according to claim 2, characterized in that 
each reduction gear unit comprises at least two 
gear pairs. 

4. Robot according to claim 3, characterized in that 
one of the articulated elements of the robot is an 
arm (10) having both ends articulated to further 
elements of the robot (9, 1 1 ; 71 , 72) and with each 
end of said arm (10) there is associated an elec- 
tric motor (39, 51) fixed to the structure (33) of 
the arm (10) and a reduction gear unit (40-45) in- 
tegrated in the structure (33) of the arm. 

5. Robot according to claim 4, characterized in that 
said robot comprises a base (8), a column (9) ro- 
tatably mounted around a first vertical axis (1 ) on 
the base (8), an arm (10) rotatably mounted on 
the column (9) around a second horizontal axis 
(2), a forearm (11) rotatably mounted on said arm 
(10) around a third axis (3), parallel to said sec- 
ond axis (2), a stem (12) mounted on the exten- 
sion of the fore-arm (11) and rotatable around a 
fourth axis (4), coincident with the longitudinal 
axis of the fore-arm (11) and a wrist mounted to 
the end of the stem (12) and articulated around a 
fifth and a sixth axes (5, 6) which are perpendic- 
ular to each other. 



mounted around a third horizontal axis (3) on said 
rotating body (72) and a wrist (80) carried by said 
parallelogram linkage (75) and articulated around 
two axes (4, 5) which are perpendicular to each 
5 other. 

7. Robot articulated arm having both ends to be ar- 
ticulated to further elements of a robot, charac- 
terized in that each end of said arm is provided 

10 with an electric motor (39, 51) and a reduction 

gear unit associated with the electric motor and 
integrated within the structure of said arm (10), 
said structure (33) constituting the casing of said 
two reduction gear units, each reduction gear 

15 unit comprising at least a pair of gears. 
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6. Robot according to claim 4, characterized in that 
said robot comprises a fixed body (71), an arm 
(10) rotatably mounted around a first vertical axis 55 
(1) on said fixed body (71), a body (72) rotatably 
mounted around a second vertical axis (2) below 
arm (10), a parallelogram linkage (75) rotatably 
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